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abstract 

Purpose

 To investigate quantitatively the deformation of 
the mammosite balloon, eccentricity of the source 
position and their effects on the dose delivered to the 
tumor lumpectomy site and critical structures. 

Materials and Methods

 The distances of the brachytherapy source to the 
surface of the mammosite balloon were measured 
in using radiographic images for fractions 1 to 10 
for twelve patients. The dose at the balloon surface 
(nearly 680cGy) and prescription dose of 340cGy 
at 1cm from the balloon surface were calculated 
for the different fractions and their dependence 
on the balloon volume and source position were 
investigated. 

results

 The position of the source can be offset from the 
center of the mammosite balloon by up to 6mm. 
Deformation of the balloon led to variations in its 

dimensions by up to 8mm. The dose at 1cm from 
the balloon surface that covers the lumpectomy 
site varied by up to 19% from 340cGy along the 
elongated diameter of the balloon and by up to 40% 
along the short diameter. Maximal doses to the skin, 
ribs and lung were 420cGy, 630cGy and 500cGy per 
fraction, respectively, which depended mostly on 
their distance from the balloon surface. 

Conclusion

The geometric variations in the shape of the balloon 
and position of the source can cause lack of dose 
coverage to the lumpectomy site or create hot dose 
spots in the surrounding normal tissue that might 
compromise intended clinical goals. Users as well as 
vendors should consider correction measures for the 
deformation of  the balloons and the eccentricity of 
the position of the high dose source. 
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introduction 
Breast conserving therapy (BCT), defined as 

breast conserving surgery (BCS) followed by 
radiation therapy, has been shown to be equivalent to 
mastectomy in terms of overall survival in numerous 
randomized phase III trials (1-6).  In all of these trials, 
the radiation therapy consisted of whole breast 
irradiation (WBI), with treatment of the regional 
lymph nodes as indicated.  However, the majority of 
recurrences after breast conserving surgery occur in 

the vicinity of the lumpectomy cavity (1,7-11).  Because 
of this, there has been growing interest in utilizing 
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partial breast irradiation (PBI) after BCS.  Even 
though there is no randomized data to demonstrate 
the equivalency of PBI to whole breast radiation 
therapy, there are numerous institutional experience 
suggesting local recurrence rates after accelerated 
partial breast irradiation similar to patients receiving 
whole breast irradiation (12,13). 

The treatment of the surgical bed with a single 
catheter mammosite balloon (Cytyc Corporation, 
Palo Alto, CA) with high-dose-rate brachytherapy 
192Ir-source (Nucletron Holding USA Inc., Columbia, 
MD) provides a simple, practical and efficient 
radiotherapy treatment option (14-16). The mammosite 
brachytherapy is superior to the three-dimensional 
conformal external beam partial breast therapy in 
terms of requirements of patient setup and breast 
immobilization, tumor localization and sparing critical 
structures receiving entrance and exit doses from 
external beam. It is also simpler and less invasive 
than interstitial brachytherapy where multiple 
catheters are used with several dwell positions (17).   
The goals of this study were to measure the position 
of the brachytherapy source within the balloon 
and quantify its deviations from the balloon center, 
evaluate the extent of deformations of the balloon 
from the spherical shape. The effects of the source 
eccentricity and balloon deformation on the dose 
coverage of the surgical bed and critical structures 
such as skin, ribs in the chest wall and lung were 
investigated in slected breast cancer patients from 
our institution retrospective to treatment. 

Materials and Methods

Mammosite Brachytherapy and Patients

Partial breast treatment with mammosite 
brachytherapy was approved by the U.S. Food and 
Drug Administration in May 2002. This technique 
employs a balloon that is placed in the lumpectomy site 
either at the time of lumpectomy or percutaneously 
after the procedure (14,16,18). The mammosite device 
consists of a silicon balloon and a dual-lumen 
catheter. The catheter is located centrally within the 
balloon where the outer lumen is used to inflate the 
balloon with saline and the inner lumen to insert the 
brachytherapy source in the treatment position. The 
balloon is available commercially in different sizes 
that fit small to large lumpectomy cavities.  In our 

patients, the mammosite balloon was inserted 1-2 
weeks after BCS when a final pathology report was 
available.  The balloon was placed by the breast 
surgeons under ultrasound image guidance.  Patients 
generally had their balloon  inflated with a mixture 
of saline solution and contrast (10%) to improve the 
balloon visibility in CT and radiographic images. Prior 
to start of treatment, all patients underwent an initial 
treatment planning CT scan. This scan was utilized 
to evaluate the balloon shape, lumpectomy cavity 
size, the extent of air or fluid around the mammosite 
balloon, and proximity of the balloon edge to the 
chestwall and the skin surface. The dose delivery was 
performed with a single dwell position using an 192Ir 
high-dose-rate brachytherapy source. The PTV was 
defined as the volume of breast tissue 1 cm around 
the balloon surface. The PTV was treated with 340 
cGy twice daily for 5 days for a total prescription dose 
of 3400 cGy.  A minimum of 4 hours was required in 
between the two daily treatments, and in general the 
two treatment seessions were separated by about 6 
hours. 

CT simulation was performed with a dummy 
source inserted in the balloon to locate the dwell 
position at the distal end of the catheter. The 
symmetry of the balloon was evaluated initially 
before treatment planning using axial, coronal and 
sagittal views from CT imaging. The treatment 
planning was performed using CT images acquired 
with the balloon in site using the geometric and 
dosimetric recommendation of the NSABP B-39 trial 
(ClinicalTrials.Gov identifier NCT00103181). Several 
parameters were used to determine the quality of 
the initial treatment plan including: symmetry and 
fitness of the balloon to the lumpectomy site, air 
cavities, appropriate distance from the surface of 
the balloon to the critical structures such as the skin 
(> 7 mm), ribs and lung (> 10 mm). To ensure dose 
coverage, the dose was calculated at four points that 
are located 1 cm from the surface of the balloon 
(anterior, posterior, superior, and inferior points) and 
the dose has to be within 15% from the prescribed 
dose. In treatment planning, the dose calculation 
algorithm considered the balloon with its contents 
and the surrounding tissue as homogenous water 
equivalent and no inhomogeneity corrections were 
considered for air cavities or contrast material. The 
sparing of critical structures such as skin, lung and 
ribs was considered by ensuring that the distance 
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between any of them and the balloon surface was 
larger than nearly 7 mm.       

Twelve patients with stage I and II breast cancer 
treated with high-dose-rate brachytherapy using 
a mammosite balloon were selected for this study. 
Each patient was treated with ten fractions delivered 
in a bid fashion for a total dose of 3400 cGy using an 
192Ir source with a single dwell position at the center 
of the balloon. Before each treatment session, two 
orthogonal radiographs (anterior-posterior (AP) and 
lateral) with a dummy source in the catheter were 
acquired as shown in Fig. 1a-b. The radiographic 
images were used to verify the integrity of the balloon 
and reproducibility of the initial treatment plan by 
measuring the position of the source within the 
balloon. The diameter of the balloon was measured 
and position of the source was determined and 
compared with the center of the balloon. 

Physical parameters of the balloon

The mammosite balloon was assumed to be an 
ellipsoid with a, b and c as the equatorial radii in 
the superior-inferior, lateral-medial and anterior-
posterior directions, respectively. The equatorial radii 
were measured directly from the anterior-posterior 
(AP) and lateral (RL) radiographs that are obtained 
prior to each treatment session as shown in Fig.1a-c. 
From the AP view, radius a was calculated from an 
average distance between the source position and to 
the superior and inferior ends of the balloon (Z-axis). 
b was calculated from the average distance between 
the source and right and left ends of the balloon 
(X-axis). c was obtained from average distance 
between the source and the anterior and posterior 
ends of the balloon on RL view (Y-axis). The longest 
or shortest dimension of the balloon could be along 

any direction. Figure 1c shows a schematic of the 
balloon with the reference coordinate system. 

The volume of the mammosite balloon was 
calculated from the following formula: 

    

     (1)

Eccentricity of the high-dose-rate source was 
obtained for position offsets                 in the different 
directions as given by the following equation: 

    

      (2)

where 1a , 2a  are the distances between the 
source and superior and inferior ends of the balloon,  

1b , 2b  are distances between the source and right 

and left ends, and 1c , 2c  are the distances between 
the anterior and posterior ends, respectively.  

Dose calculation 

The 192Ir high-dose-rate source was assumed to 
be a point source and the dose was calculated using 
the formalism of AAPM task group 43 (17,19) using the 
following equation: 

     (3)

where         is the dose rate at r, KS is the air-
kerma strength of the source,  A is dose rate constant 

figure 1 : (a-b) radiographic anterior and right lateral views of a patient with a mammosite balloon implanted.  
(c) Schematic with balloon dimensions and coordinate system. 
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in water, ( )Pg r  is the radial dose function, øan(r) is 
the anisotropy correction constant. These parameters 
were obtained from TG-229 for the the 192Ir source 
(20). The dose was calculated at two positions: (a) at 
the hypothetical surface of the balloon at an average 
equatorial radius, a , of (a,b,c) which represented 

surface dose of the balloon, and (b) at 1a cm+  
which was the dose that covers 1cm of tissue 
beyond the surface. The 192Ir source at the center of 
the balloon was assumed to  deliver a dose of 340 

cGy per fraction at the 1a cm+  to cover the PTV 
using a single dwell position. In order to investigate 
quatatively the actual clinical doses delivered to the 
patient considered in this study, the doses at the 
surface of the balloon at distances a, b and c were 
calculated and compared with 200% isodose line 
(680 cGy). 

results 
Figure 2a shows histograms of the variations in 

the dimensions (a,b,c) of the balloons from the total 
of 12 patients who were treated with 10 fractions 
twice a day for five days. The balloon dimensions 
varied widely along the different dimensions from 
nearly 18 mm to 36 mm. The balloons were oriented 
in different ways where the balloon elongation were 
along any direction (X,Y,Z) with means of 23.7 , 23.6, 
and 26.6 mm and standard deviations of 2.1, 4.8, and 
4.2 mm, respectively, as listed in Table 1. Deformation 
of the balloon resulted variations in its dimensions 
by up to 8 mm considering all fractions and patients 
selected for this study. Figure 2b shows histograms 
of the variations in the position of the source from the 

center of the balloon along the different directions 
(X,Y,Z) for the same 12 patients. The mean position 
of the source was -0.2, 0.1, and -0.7 mm off-set 
from the center of the balloon in (X,Y,Z) directions, 
respectively. The standard deviation of the position 
of the source from the center of the balloon was 1.3, 
1.5 and 2.0 mm in the (X,Y,Z) directions, respectively, 
as listed in Table 1. The position of the source was 
offset from the center of the mammosite balloon by 
up to 6 mm. Figure 2c shows that the variations in 
the dimensions of the balloon is diffent during the 
treatment course where the mean and standard 
variations are listed in Table 1. In two patients, the 
variation in the dimensions of the balloon was up to 
8 mm in some of their fractions.

The dose at the surface of the balloon varied by 
up to 28% from 680 cGy along the large diameter 
of the ellipsoid and by up to 60% along the shorter 
diameter of the balloon as shown in Fig. 3a. The 
mean of the dose at the balloon surface was -4.1%, 
-14.2% and 6.1% higher or lower than 680 cGy and 
standard deviation was 14.8%, 33.4% and 30.3% 
along (X,Y,Z), respectively, as listed in Table 2. The 
dose at 1 cm from the balloon surface that coverd the 
lumpectomy site, which was defined as the planning 
target volume (PTV), varied by up to 19% from 340 
cGy along the elongated diameter of the balloon and 
by up to 40% along the short diameter as shown in 
Fig. 3b. The mean dose at 1 cm from the balloon 
along the (X,Y,Z) direction was -1.7%, -5.7%, and 
9.5% from the 340 cGy and percentage standard 
deviations were 10.3%, 22.7%, 21.7% , respectively.    

figure 2 : (a) Histograms of the dimensions (a,b,c) of the balloon along (X,Y,Z). (b) Histograms of the source position 
relative to the center of the balloon in three directions (X,Y,Z). (c) variations of the dimensions (a,b,c) of the balloon over 
the treatment course for ten patients treated bid with two fractions a day. 
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Dose to critical structures 

Figure 4a shows a scatter plot of the skin maximal 
dose as function of the distance between the skin and 
the balloon surface for the different patients obtained 
from CT images used in treatment planning. The 
distance of the balloon surface from skin varied for 
different patients starting from 5 mm to about 45 mm. 
The maximal skin dose decreased with the increase 

of the distance from the surface of the balloon to the 
skin and ranged from nearly 90-420 cGy per hypo-
fractionation of 340 cGy.  Similarly, Fig. 4b shows that 
the lung maximal dose increased with decrease of the 
distance between the balloon surface and the lung 
in closest proximity. The maximal lung dose ranged 

figure 3 : (a) Histograms of the percentage dose difference (relative to 680 cgy) at the surface of the balloon (a,b,c). (b) 
Histogram of the percentage dose difference at 1 cm from the surface of the balloon (a,b,c) relative to 340 cgy.

table 1 : Mean and standard deviation in the balloon dimensions (a,b,c), difference between the balloon dimensions and 
position of the source from the balloon center along (X,Y,Z) directions.  

table 2 : Mean and standard deviation of the dose at surface of the balloon and dose at 1 cm from balloon surface along 
(a,b,c).
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figure 4 : Scatter plots of the maximum dose of the critical structures per fraction: (a) skin (b) lung and (c) ribs as a 
function of distance from the surface of the mammosite balloon in patients treated with Hdr brachytherapy.

figure 5 : (a) variation of maximal dose of the lung, skin and ribs with volume of the mammosite balloon for breast 
brachytherapy. (b,c,d) variations of the maximal dose of the lung, skin and ribs with the different dimensions of the 
mammosite balloon, respectively. 
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from 100 cGy for lungs 38 mm from the surface of 
the balloon to 500 cGy for lung at 7 mm distance 
from the surface of the balloon per treatment fraction 
of 340 cGy. Figure 4c shows the correlation between 
ribs maximal dose and distance between the rib in 
close proximity to the surface of the balloon. Similar 
to skin and lung maximal doses, the maximal dose 
of the ribs increased with decrease of the distance 
between the rib and surface of the balloon. The 
maximal rib dose ranged from 110 cGy at 34 mm 
to nearly 630 cGy to 3 mm per treatment fraction 
of 340 cGy.  The mean and standard deviations of 
the maximal dose and distance from the surface of 
balloon to the three critical structures: skin, lung and 
ribs are listed in Table 3. 

Figure 5a shows a scatter plot of maximal dose 
variation of the lung, skin and ribs with the volume of 
the mammosite balloon used in treatment. There was 
no correlation between the maximal dose and the 
volume of the balloon. Similarly, the maximal dose 
for these critical structures did not correlate with 
the dimensions (a,b,c) of the mammosite balloon as 
shown in Figs 5 b-d, respectively.   

discussion 
The dimensions of the different balloons varied 

from one patient into another in the range 17.5-
35.5 mm as shown in Fig. 2a.  In addition, balloon 
alignment varied from one patient into another 
depending on the lumpectomy tumor bed with the 
major axis being oriented in any direction relative 
to patient coordinate system. The mammosite 
balloons average dimensions were a = 23.7 mm, 
b = 23.6 mm, and c = 26.6 mm as listed in Table 
1. In addition the position of the source was off-set 
from the center of the balloon as shown in Fig 2b. 

The eccentricity of the source position and balloon 
deformation affected significantly the dosimetric 
coverage of the PTV as represented in Figs 3a-b. 
The balloon deformations may have resulted from 
various causes including: (a) variation in edema 
buildup around the balloon, (b) variation in skin 
pressure due to position of the patient, breast tissue 
or the ipsilateral arm and (c) leakage of fluid from the 
balloon. The balloon shape and dimensions should 
be tested before each treatment sessions. Corrective 
actions should be considered in cases where the 
variation in the dimensions or size of the balloon are 
larger than departmental tolerance. These corrective 
actions should include: (a) removal of fluid from 
around the balloon within the lumpectomy cavity, (b) 
recentering of the balloon within the surgical cavity, 
(c) consistent positioning of the patient and the 
breast tissue in the same position as the treatment 
planning simulation, and (d) evaluating fluid leakage 
from the balloon. Alhough, leakage from the balloon 
is a possibility, our findings from patients who had 
measurements of the amount of fluid into the balloon 
prior to the beginning of treatment, and the amount 
of fluid removed at the end of treatment suggested 
that this was not a common occurance. Thus, in our 
patient population, the variation in balloon volume 
were not correlated with variations in the volume of 
saline where no leakages were detected.  

The most deterministic parameter in the dose of 
critical structures is its location relative to the surface 
of the balloon. The maximal dose for the skin, rib and 
lung increased with decrease of the distance from 
the surface of the balloon. For example, the mean 
maximal dose for the skin was 240.7 cGy and the 
mean distance of of the skin from the balloon surface 
was 18.5 mm as listed in Table 3. In our patients, 

table 3 : Mean and standard deviation of the maximal dose per fraction and distance of critical structures including skin, 
lung and ribs from the mammosite balloon.  
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however, there was only mild skin complications 
that cleared few weeks after brachytherapy. None 
of the patient population investigated in this study 
have suffered from rib or lung complications even 
some balloons were in close proximity to these 
critical structures as shown in Figs. 4b-c. Fat 
necrosis is another reported side effect of APBI.  It 
most commonly occurs in the fatty breast tissue 
immediately adjacent to the balloon, where the 
radiation doses can exceed 200% depending on 
balloon deformation and non-isocentricity of the 
source position as shown in Fig. 2c. The rates of 
fat necrosis reported in the literature ranges from 
2.5% to 27% (12,21). No patient in the current series 
developed symptomatic fat necrosis, and further 
evaluation of this toxicity was not possible. 

This investigation showed the dosimetric 
limitations of single catheter, single dwell position 
APBI treatment using the mammosite catheter. 
These limitations included compromises in the 
dose coverage of the PTV and sparing of critical 
structures due to shape deformation of the balloon 
and eccentricity of the source position. Furthermore, 
the position of critical structure relative the balloon 
depended on the location of the disease within the 
breast, for example skin in close proximity was 
located in the range 5-45 mm and the closest ribs 
were located 3-34 mm relative to the surface of the 
balloon as presented in this work. It seems that the 
usage of a mammosite balloon with one catheter 
with multiple dwell position or other available 
commercial products with mammosite balloons with 
multiple catheters and multiple dwell position (22) 
might provide the tools to conform dose coverage of 
the PTV for deformed balloons and adapt with patient 
anatomy to spare critical structures such as skin, ribs 
and lung that are in close proximity to the balloon 
surface. Comparison with other techniques as 
mentioned above with balloon and multiple catheter 
and source dwel positions might the subject of a 
future study.    

One limitation of the doses presented here for 
the critical structures such skin, lung and ribs is the 
use of the AAPM TG-43 empirical formalism (17,19) 
which does not consider heterogeneity (23-25) and 
scattered radiation correctly (26,27). The AAPM TG-186 
(28) reported that large dose discrepancies as large 
as 15% or more can exist between model-based 

dose calculation algorithms and TG-43 formula 
considering contrast in the balloon, lung and bone 
heterogeneity. The dose from lack of backscatter 
contribution (27) might be as large as 10% depending 
on the size of the balloon and thickness of tissue 
interface between the ballon and skin which causes 
underdose of the PTV that is not considered in the 
dose calculation using TG-43. 

Conclusions 
Two main geometric parameters has been 

investigated in this study that affected the dose 
to the PTV and critical structures in mammosite 
balloon brachytherapy. Large variations in the 
dimensions of the mammosite balloon from one 
fraction to another during the course of treatment 
of one patient were measured. The position of the 
source was found to be shifted in some treatments 
significantly from the center of the balloon. These 
geometric variations might lead to lack of the dose 
coverage of the lumpectomy site or create hot spots 
in the surrounding normal tissue compromising the 
intended clinical goals. The data illustrated in this 
work suggests that user as well as vendors should 
consider correction measures for the eccentricity of 
the position of the high dose source and deformation 
of inflated balloons in order to achieve intended 
clinical dose coverage of the lumpectomy site. Other 
mammosite balloons with multiple dwell position 
in one catheter or multiple catheters with multiple 
dwell positions provide dosimetric tools to conform 
dose distributions in order to account for balloon 
deformations, ecentricity of the source position, and 
location of critical structures.
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